Introduction
============

Adult T-cell leukemia/lymphoma (ATLL) is a peripheral T-cell neoplasm that is associated with infection by the human T-cell leukemia virus type I.^[@bib1],\ [@bib2]^ Infection with human T-cell leukemia virus type I and cases of ATLL are endemic in several regions of the world, with the south-west area of Japan (Kyushu) being a well-known example. Although the total number of carriers in Japan has decreased by 10% over the past two decades,^[@bib3]^ the incidence of this fatal disease has nevertheless significantly increased due to the aging of carriers.^[@bib4]^

Recent advances in the treatment of ATLL include several combination chemotherapies and allogeneic hematopoietic stem-cell transplantation (allo-HSCT).^[@bib5],\ [@bib6],\ [@bib7],\ [@bib8],\ [@bib9],\ [@bib10],\ [@bib11],\ [@bib12],\ [@bib13]^ Allo-HSCT was deemed to show a successful outcome, in that around 30% of patients achieved long-term survival.^[@bib6]^ Dose-intensified chemotherapy also showed a survival benefit, however, the usual outcome in patients with acute and lymphoma-type ATLL, for which allo-HSCT is not indicated, is markedly poor, with essentially no chance of prolonged remission.^[@bib8]^ Another advance in the treatment of ATLL is an improvement in the infection control, which frequently strikes patients during the treatment. Despite these advances in treatment, however, the survival benefit in whole patient population had not been presented.

Here, to evaluate the progress in the treatment of ATLL, we estimated the age-standardized mortality and trends in the age-standardized mortality of ATLL. Since allo-HSCT has been introduced as a modality with curative potential during study period, we also evaluated the correlation of the annual number of allo-HSCT and the trend of the mortality of ATLL.

Patients and methods
====================

We used the data of vital statics of Japan for 47 prefectures during 1995--2009,^[@bib14]^ and estimated the ATLL-specific age-standardized mortality rate adjusted by world standard population. Since the incidence of ATLL differs significantly between endemic (Kyushu) and non-endemic areas in Japan (others), age-standardized mortality rates for these two areas were estimated separately. Data for the number of allo-HSCTs administered in Japan for ATLL were obtained from the Japan Society for Hematopoietic Cell Transplantation.

To assess the secular trend in the age-standardized mortality rate, we used joinpoint regression analysis, as described in detail elsewhere.^[@bib15]^ The association between mortality rates of ATLL and annual numbers of allo-HSCT was evaluated by a regression framework.^[@bib16]^ In this analysis, we explored zero-, one- or two-year time lags from the numbers of allo-HSCT to mortality rate to evaluate whether the number of transplants was associated with a later decrease in mortality. We examined R-squared to evaluate the strength of the association and interpreted the result such that for every increase in the annual number of allo-HSCTs, we expect a certain degree (coefficient) decrease in the mortality of ATLL.

All computations were performed with STATA version 11 (StataCorp, College Station, TX, USA), except for the joinpoint regression analysis, for which we used the Joinpoint Regression Program version 3.3 (US National Cancer Institute, Bethesda, MD, USA).

Results
=======

During the study period, a total of 14 932 patients died of ATLL in Japan. Estimated age-standardized mortalities of ATLL from 1995 to 2009 in Kyushu and others are shown as circles in [Figure 1](#fig1){ref-type="fig"} and the exact rates with 95% confidence intervals (95% CIs) in both areas, which are the basis of [Figure 1](#fig1){ref-type="fig"}, are summarized in [Supplementary Table 1](#sup1){ref-type="supplementary-material"}. The solid line shows the age-standardized modeled mortality estimated by joinpoint regression analysis and the dotted line shows the annual numbers of allo-HSCT administered in each area. As depicted in [Figure 1](#fig1){ref-type="fig"}, the trend in age-standardized mortality changed significantly in 2000 in Kyushu and in 2003 in others ([Table 1](#tbl1){ref-type="table"}). Mortality decreased significantly after that period in both areas (annual percent change (95% CI); Kyushu: −3.1% (−4.3, −1.9), others: −3.4% (−5.3, −1.5)).

A total of 929 allo-HSCTs were performed in Japan during the study period. Median age at the allo-HSCT was 53 years old (range: 18--79). [Table 2](#tbl2){ref-type="table"} summarizes the association between mortality and annual numbers of allo-HSCT. The increasing trend in allo-HSCT was negatively associated with the mortality of ATLL in Japan ([Table 2](#tbl2){ref-type="table"}). The association was strongest when no time lag was set in years from the number of transplants to mortality, indicating that the number of allo-HSCTs was directly associated with mortality in that year.

We also evaluated the association of the numbers of allo-HSCT with the decreasing trend of the mortality according to the age group. The increase in the numbers of allo-HSCT was associated with the decrease in the mortality in both patients aged younger than 55 years old and aged 55 years or older (\<55 years old, R-squared=0.62, *P*=0.007; ⩾55 years old, R-squared=0.65, *P*=0.028).

Discussion
==========

We previously reported that the incidence of ATLL is significantly increasing in Honshu (representative non-endemic area in Japan) but has shown no change in Kyushu.^[@bib4]^ Although this increasing trend in Honshu might be due to an improvement in diagnostic accuracy, these findings show that the incidence of ATLL is at least not decreasing in the endemic areas of Japan where the disease is well known and would not be missed in the registry data. The significant decrease in the trend in mortality observed in the present study is therefore likely to have resulted from an improvement in treatment. The present findings show that the number of allo-HSCTs administered in Japan might be associated with this decreasing trend in mortality.

Utsunomiya *et al.*^[@bib13]^ reported the first case series of patients with ATLL who received allo-HSCT in 2001. In their study, 5 of 10 patients showed long-term survival, which appeared to plateau after a median leukemia-free survival of 17.5 months. This aggressive but curative approach has now become the standard treatment for eligible patients, and the number of allo-HSCTs administered in Japan has increased rapidly, with \>100 patients now receiving allo-HSCT annually. A nationwide retrospective analysis of patients who received allo-HSCT for ATLL in Japan reported a 3-year overall survival of 33%,^[@bib6]^ which is the best treatment outcome in the eligible patients to this day. The rapid increase in the numbers of allo-HSCT reflects the introduction of the allo-HSCT to elderly patients with reduced-intensity conditioning regimen which has also been shown to be effective in ATLL.^[@bib10],\ [@bib17]^ In our analysis, allo-HSCT in patients aged 55 years or older showed an association with the decrease in the mortality suggesting that increasing the candidate of allo-HSCT in this population may improve the outcome of ATLL.

Recently, the new drug mogamulizumab, an anti-CCR4 antibody, has shown a clear benefit in the treatment for ATLL.^[@bib18]^ Overall response rate to mogamulizumab on single agent use in a phase II study in relapsed patients was 50% (95% CI: 30--70%), which suggests the promising possibility of combined use with existing regimens as a new chemotherapy protocol. Patients who received allo-HSCT while in complete remission had a higher probability of survival than those who received when not in complete remission.^[@bib6]^ Improvement in induction chemotherapy will increase the number of patients in remission, and thus the number of candidates for allo-HSCT beneficially impacting outcomes.

The association between decreased mortality and number of allo-HSCTs seems to be stronger in Kyushu than in other areas. This difference might be due to differences in indications for allo-HSCT, based on differences in the understanding of ATLL. Hematologists in Kyushu are well experienced with ATLL, and it is possible that their indications for allo-HSCT are well organized and they proceed to allo-HSCT with good patient\'s condition during the treatment. In any case, this issue is difficult to analyze using registry data alone.

Although the potential for prolonged remission without allo-HSCT appears to be limited, other factors might have contributed to this decrease in mortality. The Japanese Clinical Oncology Group has conducted several clinical trials to improve survival with chemotherapy. Results have been shown to be effective on long-term follow-up and might have improved the survival of patients who were unable to proceed to transplantation. A dose-intensified multi-agent chemotherapy protocol named modified LSG15 improved 3-year overall survival of aggressive ATLL over bi-weekly CHOP (cyclophosphamide, doxorubicin, vincristine and prednisone) to 24% from 13%.^[@bib8]^ The more general improvement seen in the management of ATLL, such as with regard to infection control, might also have prolonged survival. Considering the dismal outcome by general treatments that have not progressed significantly during the study period, however, we speculate that the decreasing trends in the mortality would have been mostly achieved by allo-HSCT. Nevertheless, this study is conducted in two independent data sets that lack the information about the treatment of individual patient. We cannot evaluate the association between the decreasing in the mortality and other unmeasured variables which potentially could limit the clinical relevance of our results. We need to emphasize that it is difficult completely to rule out the possibility that our finding is not causal association. Further studies to assess the association of other factors with the decreased mortality are required.

In conclusion, this study showed that the mortality of ATLL in Japan is significantly decreasing, and this decreasing trend might be associated with the increasing number of allo-HSCTs. Nevertheless, allo-HSCT is associated with a significant toxicity, and further studies are needed to identify patients at high risk for treatment-related morbidity or mortality to improve the feasibility of allo-HSCT. Although ATLL remains a highly aggressive and still fatal disease, new drugs such as mogamulizumab and approaches such as reduced-intensity conditioning for elderly patients are promising treatment. A combined modality of improved induction chemotherapy followed by allo-HSCT may change the outcome of ATLL, and future studies may better focus on improving induction chemotherapy to allow an eventual increase in the number of candidates for allo-HSCT.
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###### 

Click here for additional data file.

![The mortality of adult T-cell leukemia/lymphoma and the number of allogeneic transplants administered in Kyushu and others. Circles indicate the observed age-standardized mortality rates and the solid line indicates the age-standardized mortality rates estimated by joinpoint regression analysis. The dashed line indicates the number of allogeneic transplants.](bcj201357f1){#fig1}

###### Trends in age-standardized mortality of adult T-cell leukemia/lymphoma

  *Trend 1*     *Trend 2*                      
  ------------- ----------------- ------------ ----------------------------------------------
  *Mortality*                                  
  *Kyushu*                                     
   1995--2000   1.3 (−1.7, 4.3)    2000--2009  −3.1 (−4.3, −1.9)[a](#t1-fn2){ref-type="fn"}
                                                
  *Others*                                     
   1995--2003   1.2 (−0.1, 2.6)    2003--2009  −3.4 (−5.3, −1.5)[a](#t1-fn2){ref-type="fn"}

Abbreviations: APC, annual percent change; CI, confidence interval.

APC is statistically significantly different from zero (two-sided *P*\<0.05, calculated using the *t*-test).

###### Relationship between the number of allogeneic transplantations and ATLL mortality

  *Area*   *Changing trend in mortality (year)*   *Coef × 10*^*−3*^ *(95% CI)*   *R-squared*   P*-value*
  -------- -------------------------------------- ------------------------------ ------------- -----------
  Kyushu   2000                                   −9.34 (−14.3, −4.36)           0.70          0.003
  Others   2003                                   −2.49 (−5.10, 0.12)            0.55          0.058

Abbreviations: ATLL, adult T-cell leukemia/lymphoma; Coef, coefficient; CI, confidence interval.
